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to  use  superconducting  parametric  amplifiers  (paramps)  to  readout  the  state  of  a  superconducting 

qubit.  This  technology,  developed  under  support  from  LPS/ARO,  led  to  a  number  of  milestones  related  to  both  high  fidelity  and 
efficient  weak  measurements  of  superconducting  qubits  outlined  here.  In  particular,  these  paramps  have  enabled  the  first 
observation  of  individual  qubit  transitions  or  quantum  jumps  in  real  time  (R.  Vijay  et  al.,  PRL  2010),  demonstrating  the  utility  of 
such  technology  for  high  fidelity  qubit  measurement.  These  devices  are  robust  and  reliable,  as  LPS,  IBM,  BBN,  and  UC  Santa 
Barbara  have  also  successfully  employed  paramps  supplied  by  the  Berkeley  group.  In  addition  to  these  groups,  since  these 
first  demonstrations  of  paramp-enhanced  qubit  measurement  by  the  Berkeley  group  numerous  other  groups  worldwide  have 
employed  similar  paramps,  albeit  with  different  layouts  of  Josephson  junctions  and  resonators,  to  achieve  high  fidelity  readout — 
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pioneering  experiments  in  weak,  continuous  qubit  measurement,  where  the  rate  at  which  qubit  information  is  acquired  is 
intentionally  limited.  These  achievements  include  the  implementation  of  measurement  based  feedback  to  stabilize  Rabi 
oscillations  (R.  Vijay  et  al.,  Nature  2012)  and  the  observation  of  quantum  trajectories  associated  with  the  evolution  of  a  qubit 
under  measurement  (K.W.  Murch  et  al.,  Nature,  July  2013).  Taken  together,  these  experiments  constitute  promising  first  steps 
toward  the  realization  of  continuous  quantum  error  correction  and  efficient  quantum  state  estimation  utilizing  weak 
measurements. 

Finally,  the  Berkeley  group  has  also  successfully  coupled  squeezed  vacuum  produced  by  a  paramp  to  a  qubit  to  directly 
alter  its  decoherence  properties  (K.W.  Murch  et  al.,  Nature,  Oct.  2013),  a  task  which  has  not  been  achieved  in  atomic  physics. 
This  experiment  illustrates  the  potential  use  of  superconducting  paramps  as  sources  of  squeezed  microwaves  for  applications 
in  precision  metrology  and  fundamental  physics  experiments  exploring  light  matter  interactions  at  microwave  frequencies. 
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